METHODS AND RESULTS

Plastome assembly
Genomic libraries of T. thalictroides and transcriptome libraries of T. hernandezii were downloaded from the National Center for Biotechnology Information (NCBI) Sequence Read Archive (Appendix 1). Due to low cpDNA coverage in the transcriptome libraries, a reference-guided assembly of T. hernandezii was carried out using Alignreads version 2.5.2 (Straub et al., 2011) with T. coreanum H. Lév. as a reference (Park et al., 2015) , with one inverted repeat (IR) removed. We obtained a plastid consensus sequence made of 151 contigs representing 116,700 bp (after removal of regions not covered in the reference) for T. hernandezii. Given the availability of multiple genome sequencing libraries for two samples of T. thalictroides (Appendix 1), we performed de novo assemblies for this species. Assemblies were carried out for the two individuals of T. thalictroides (WT478 and WTBG) separately using the Fast-Plast version 1.2.6 pipeline (McKain and Wilson, 2017) . Single contigs representing the complete chloroplast genome of T. thalictroides were obtained. The resulting complete plastomes of T. thalictroides were annotated using CpGAVAS (Liu et al., 2012) . Genes encoding for tRNAs were verified using tRNAscan-SE version 2.0 (Lowe and Chan, 2016) . Annotations were verified and edited in Geneious version 7.1.9 (Kearse et al., 2012) using other available Ranunculaceae plastomes as references (Appendix 1). The genome map was drawn with OGDraw version 1.2 (Lohse et al., 2013) . Characterization of the T. thalictroides plastome and its comparison with the plastome of T. coreanum (Park et al., 2015) can be found in Appendix S1.
Primer design
Plastome sequences of T. thalictroides, T. hernandezii, and T. coreanum (all with one IR removed) were aligned using MAFFT version 7.017b (Katoh and Standley, 2013) . The most variable regions of the alignment, spanning 400-600 bp, were identified using a custom R script (Uribe-Convers et al., 2016) . Primer design was carried out using Primer3 (Untergasser et al., 2012) following the specifications of the microfluidic PCR Access Array system protocol (Fluidigm, San Francisco, California, USA), with an annealing temperature of 60°C (±1°C) and no more than three continuous nucleotides of the same base. Primer validation followed Uribe-Convers et al. (2016) by simulating the four-primer reaction of the microfluidic PCR. We used our target-specific primers and 5′ conserved sequence (CS) tags to provide annealing sites for Illumina sequencing adapters and sample-specific barcodes. PCR validations were done using genomic DNA from three Thalictrum species (Appendix 2) and a negative control that did not contain DNA. Amplicons were visualized in a QIAxcel Advanced System (QIAGEN, Valencia, California, USA) and scored following Uribe-Convers et al. (2016) .
A total of 81 primer pairs were designed, of which 28 passed the validation step (Table 1) , 32 failed (i.e., failed to amplify in one or more species, produced significant primer dimers, and/or produced multiple amplicons), and 21 were not validated (Appendix S2). In order to test cross-amplification of the 28 validated PCR primer pairs, we amplified and sequenced these regions on 75 individuals of Thalictrum representing 62 species from 13 of 14 described sections of the genus (Tamura, 1995) . Our sampling represents 33% of Thalictrum species and 70% of the sampling used in the most recent molecular phylogeny of the genus (Wang et al., 2018) . Additionally, we amplified the newly designed regions from one individual each of three related genera in Thalictroideae (Aquilegia L., Leptopyrum Rchb., and Paraquilegia J. R. Drumm. & Hutch.; Appendix 2) using previously extracted DNA samples by Soza et al. (2012) . Microfluidic PCR was carried out on the Access Array system (Fluidigm) following the manufacturer's protocol. PCR amplicons were multiplexed, and sequenced in an Illumina MiSeq (San Diego, California, USA) with 300-bp paired-end reads. Raw reads were cleaned, demultiplexed, and merged using the dbcAmplicons pipeline (Uribe-Convers et al., 2016) . Consensus sequences for each sample in all amplicons were generated using the 'reduce_amplicons' R script (part of dbcAmplicons). Each chloroplast region was aligned with MAFFT and alignment summary statistics were calculated with AMAS (Borowiec, 2016) .
The cross-amplification and sequencing resulted in regions with 15-75 (mean 69) consensus sequences of Thalictrum. Two regions, thal-53 and thal-55, had lower amplification success, with 15 and 40 sequences, respectively (Table 2, Fig. 1 , Appendix S3). The amplification success per sample ranged from 19 to 28 (mean 26) regions. The amplification success in Aquilegia, Leptopyrum, and Paraquilegia was 12, 26, and 23 regions, respectively ( Fig. 1) , showing the potential utility of the newly developed primers on related genera in Thalictroideae. Thalictrum-only alignment lengths ranged from 335 to 658 bp (mean 525 bp; Appendix S3), with the number of variable sites ranging from nine to 195 (mean 73). Alignments including the other Thalictroideae genera ranged from 335 to 725 bp (mean 544; Appendix S3) in length and contained 29-218 (mean 86) variable sites ( Table 2 ). The total alignment length of the 28 regions (including all genera) was 15,268 bp, with 2443 variable sites and 92% character occupancy.
To test the usefulness of the newly generated chloroplast primers for improving phylogenetic resolution within Thalictrum, we inferred a phylogeny of 62 Thalictrum species (one individual per species) and three outgroups using all 28 regions and compared it to an inferred phylogeny of the same species using six chloroplast regions (ndhA, rbcL, rpl16, rpl32-trnL, trnL-trnF, and trnV-ndhC) (Soza et al., 2012 (Soza et al., , 2013 Wang et al., 2018) . For each concatenated matrix, we searched for the best partition scheme followed by maximum likelihood tree inference and 1000 ultrafast bootstrap replicates for node support using IQ-Tree version 1.6.10 (Nguyen et al., 2014) . As an additional measure of tree resolution, we estimated internode certainty scores (Salichos et al., 2014) using the majority rule consensus tree across 1000 bootstrap replicates in RaxML version 8.2.11 (Stamatakis, 2014) . The six-region matrix had an aligned length of 6650 bp and 363 parsimony-informative sites, whereas the 28-region matrix had an aligned length of 15,268 bp and 1045 parsimony-informative sites. Mean bootstrap values of the 28-region trees were higher than those of the six-region trees (89% and 79%, respectively; Fig. 2A ). Moreover, mean internode certainty scores were also higher in the 28-region tree (0.68 and 0.51, respectively; Fig. 2B ). In summary, these results show that the 28-region chloroplast matrix produces a tree with overall higher node support than the six-region matrix, and is therefore suitable for improved phylogenetic studies in Thalictrum and close relatives. 
CONCLUSIONS
Here, we contribute chloroplast primers for phylogenetic and comparative studies of Thalictrum and its close relatives in Thalictroideae. Furthermore, we demonstrate the utility of whole genome and transcriptome libraries as a source of chloroplast sequence data for PCR primer design. Out of the 81 chloroplast primer pairs reported here, 28 were successfully validated for use with the high-throughput, Fluidigmbased microfluidic PCR system. Finally, although this was not directly tested here, these primers could also be used for traditional PCR. Conserved sequence tags CS1 (5′-ACACTGACGACATGGTTCTACA) and CS2 (5′-TACGGTAGCAGAGACTTGGTCT) were added to each primer to make target-specific primer for microfluidic PCR. 
